Wang et al. question whether Lamin B receptor is required for Xist-mediated silencing because they claim that our cells contain an inversion rather than a deletion. We present evidence that these cells contain a proper deletion and that the confusion is caused by DNA probes used in the experiment. Accordingly, the points raised have no effect on the conclusions in our paper.
W e recently reported that Xist interacts with the Lamin B receptor (LBR) protein, leading to recruitment of the X chromosome to the nuclear lamina and transcriptional silencing (1) . One of the many experiments we performed was to remove the sequence in Xist that corresponds to the LBR binding site (DLBS-Xist) using clustered regularly interspaced short palindromic repeats (CRISPR)-Cas9 editing technologies. Wang et al. claim that our conclusions are not valid because they argue that the DLBS-Xist cell line is not a deletion of the LBS region but rather an inversion (2) . Their claim is incorrect.
There are several lines of evidence that the DLBS-Xist line does contain a deletion of the LBR binding site in the Xist locus. (i) We selected single-cell colonies that contained a single polymerase chain reaction (PCR) product whose size corresponded to the expected size of the deletion (Fig. 1A ). (ii) Sanger sequencing of this product showed that the LBS region is absent and the flanking regions in the adjacent genomic DNA are joined together (Fig. 1B) . (iii) In the DLBS-Xist RNA antisense purification (RAP)-DNA sequence data (3), we observe >550 proper read pairs that align to the flanking regions of the LBS deletion boundaries and skip the entire deleted region (Fig. 1, B and C). The genomic insert size of these spanning read pairs exceeds 99.9% of all read pairs in the genome and, accordingly, we would not expect to observe them if the region were indeed wild-type or contained an inversion ( Fig. 1D ). As expected, we do not observe even a single read pair that spans these breakpoints in the wild-type samples (Fig. 1C) .
These data are also incompatible with an inversion because, in the case of an inversion, (i) we should not observe a size shift in the amplified PCR fragment, (ii) we should observe the inverted sequence in the Sanger sequences, and (iii) we should not observe any reads spanning the deletion junction.
We understand why Wang et al. mistakenly concluded that the LBS region had not been deleted because the DLBS cell line contains DNA sequencing reads originating from within the deleted region. However, these reads do not arise from the endogenous Xist locus because virtually none of the proper read pairs connect the LBS region and the remainder of the Xist locus (Fig.  1C ). These results indicate that, although the LBS region was deleted from the Xist locus, it was likely integrated into a different location of the genome-an observation that we noted in our paper (4) .
Despite the LBS integration into the genome, there are several lines of evidence that the LBS region is not expressed either as part of Xist or from anywhere else in either orientation. (i) In the DLBS-Xist lines, we observe an~97% reduction of quantitative reverse transcription PCR (RT-PCR) signal using primers that amplify the LBS region (transcribed in either orientation) relative to primers that amplify a distinct region of Xist ( Fig. 1E ). (ii) RNA sequencing performed in these cell lines shows no sequence reads overlapping the deleted region in either orientation. [Wang et al. incorrectly claim that there are no read pairs spanning this deletion, but there are actually four read pairs spanning this deletion (5), which is the median number of read pairs spanning any region of the Xist RNA in this sample. This discrepancy arises because, as they subsequently confirmed, they used the incorrect coordinates in their analysis (6) ]. (iii) We observed no signal by single-molecule RNA fluorescence in situ hybridization (FISH) using probes against either orientation of the LBS region in any of the 80 DLBS cells analyzed, despite robust detec-tion of other regions of Xist. These results clearly indicate that these cells express an Xist RNA with a deletion, not an inversion, of the LBS region.
Given all of the evidence that the DLBS cell line contains a deletion, we reevaluated Wang et al.'s claim that these cells have an inversion. Their claim derives entirely from the observation that, although there are virtually no proper read pairs that connect the deleted fragment to the remainder of Xist, there are a large number of discordant read pairs that do so. Unlike proper read pairs where the two reads map to each of the two strands of genomic DNA, discordant read pairs occur when both reads map to the same strand.
In evaluating these discordant read pairs, we identified several problems with the interpretation that these represent an inversion. Specifically, if these discordant read pairs actually represent an inversion in the DLBS cell line, then they should (i) only be present in the DLBS cell line and not the unmodified wildtype cells and (ii) only be present flanking the LBS region but not other regions of Xist. Neither of these statements is correct. The discordant read pairs spanning the LBS region are also present in wild-type cells at a comparable proportion, and there are discordant read pairs present across all regions of Xist (Fig. 2, A and B ). In fact, >75% of regions on Xist contain more discordant read pairs than overlap the LBS region in the DLBS-Xist samples (Fig. 2, A and B) .
In evaluating these discordant read pairs more carefully, it became clear that these reads do not represent genomic DNA because, unlike proper read pairs, they (i) align predominantly within exonic regions, (ii) pile up at specific regions on Xist in a highly nonuniform manner (Fig. 2C) , and (iii) show an insert-size distribution significantly longer than the extreme tail of the genomic distribution (Fig. 2D ).
Upon further examination, we noticed an almost perfect relationship between the location of the nonuniform pileups of the discordant read pairs and the location of the single-stranded DNA probes used to capture the Xist RNA (7) (Fig. 2C) . In contrast, regions that did not overlap probe sequences did not contain discordant read pairs (Fig. 2C ). This suggests that the discordant read pairs represent DNA probes. To confirm this, we looked at previously published RAP-DNA data sets for several distinct RNAs (8) and identified a large number of discordant read pairs overlapping only these targeted RNAs but not other regions in the genome (Fig. 2E) . Consistent with this, we do not see discordant read pairs in RAP-DNA experiments performed with RNA probes (Fig. 2E) .
Notwithstanding the clear evidence that DLBS-Xist contains a deletion and the lack of evidence for an inversion, even if these lines contained an inversion, it would not alter our conclusions. There are many previous studies showing that inverting the sequence of a protein-binding site on an RNA, including on Xist (9, 10), affects protein binding and RNA function (9) (10) (11) (12) (13) (14) . Indeed, in our paper, we presented several lines of evidence that Xist expressed in these cells fails to bind to LBR and therefore represents an appropriate cell line in which to study the function of LBR binding on Xist. In addition to the disruption of LBR binding, the conclusions derived in our paper are supported by LBR knockdown, knockout, and rescue experiments.
In our paper, we showed that disruption of the Xist-LBR interaction leads to exclusion of active genes from the Xist-coated nuclear compartment. Wang et al. claim that this conclusion is derived from a single experiment and may simply be explained by noise. To the contrary, we performed numerous independent experiments to (Fig. 3A) . These independent results highlight the robustness of our observations. [Although we had intended to include the DA-HPRT data, due to a miscommunication when performing this analysis, we mistakenly included RAP-DNA data from a different A-repeat mutant cell line that was generated for a distinct purpose but that shows the same phenotype. The DA-HPRT results are already presented in our previous paper (15) and included here for comparison ( Fig. 3B ).] Xist localization patterns look different, but this is only because they do not properly account for probe sequences. When excluding probes, as we did in our paper, the normalized plots are as already reported in our paper (1) .] (iii) Our analysis compares Xist localization on active versus inactive genes within the same sample. Therefore, any differences in sequencing coverage will affect the entire sample consistently and not affect our results. (iv) We randomly down-sampled the reads such that they all contain the same number of reads, and we observed the same results: Xist localization is depleted over actively transcribed genes in all three samples that disrupt the Xist-LBR interaction but not in any of the three samples that do not (Fig. 3B) .
In conclusion, DLBS-Xist is an appropriate cell line for studying the disruption of the Xist-LBR interaction and is not the only result that is inconsistent with the "nucleation defect" reported by Lee and colleagues (16) . Indeed, previous studies that have also deleted this region of Xist (9) or the reported YY1 protein (17, 18) similarly fail to identify this nucleation defect. Based on all of the evidence presented here and in our paper, we are confident that none of the points raised by Wang et al. have any effect on the results or conclusions reported in our paper. 
